Introduction: Due to the accelerating global epidemic of trauma, efficient and sustainable models of trauma care that fit low-resource settings must be developed. In most low-income countries, the burden of surgical trauma is managed by non-doctors at local district hospitals. Objective: This study examined whether it is possible to establish primary trauma surgical services of acceptable quality at rural district hospitals by systematically training local, non-graduate, care providers. Methods: Seven district hospitals in the most landmine-infested provinces of Northwestern Cambodia were selected for the study. The hospitals were referral points in an established prehospital trauma system. During a four-year training period, 21 surgical care providers underwent five courses (150 hours total) focusing on surgical skills training. In-hospital trauma deaths and postoperative infections were used as quality-of care indicators. Outcome indicators during the training period were compared against pre-intervention data. Results: Both the control and treatment populations had long prehospital transport times (three hours) and were severely injured (median Injury Severity Scale Score = 9). The in-hospital trauma fatality rate was low in both populations and not significantly affected by the intervention. The level of post-operative infections was reduced from 22% to 10.3% during the intervention (95% confidence interval for difference 2.8-20.2%). The trainees' selfrating of skills (Visual Analogue Scale) before and after the training indicated a significantly better coping capacity. Conclusions: Where the rural hospital is an integral part of a prehospital trauma system, systematic training of non-doctors improves the quality of trauma surgery. Initial efforts to improve trauma management in low-income countries should focus on the district hospital. 
Background
The epidemic of trauma is accelerating. Currently, injury is the fourth leading cause of global deaths, and the World Health Organization (WHO) estimates a 40% increase in global deaths from injury from now to 2030. Approximately 75% of trauma fatalities occur in low-income countries. 1, 2 Who will manage this heavy trauma load during disasters and chronic emergencies such as the landmine epidemic?
Studies of Western trauma scenarios consistently report that Level-1 Trauma Centers and reduced prehospital transport times are essential components of a good trauma care system. 3, 4 However, high-cost surgical centers are not feasible in countries in which the majority of citizens live in rural areas with poor communication systems and high prehospital transit times. Lowcost, prehospital trauma systems reduce trauma mortality in such settings. 5 However, this leaves the question open: who should provide primary surgery to the prehospital survivors? One option is to establish Western-model surgi-Non-Doctors as Trauma Surgeons? primary trauma surgery for non-graduate medical officers at rural hospitals in Cambodia is examined in this study. The intervention is designed as a controlled study using pre-intervention rates of trauma mortality and wound infection as baselines for outcome assessment.
Methods

From 2002 to 2005, the intervention was conducted in
Northwestern Cambodia in areas in which landmines and unexploded ordnance contaminate most villages and forest areas. 12 The trauma epidemiology in the study area is changing. Despite extensive mine clearing programs, local farmers still are injured in landmine accidents, especially during logging and clearing jungles for large-scale agriculture. In addition, road traffic is increasing rapidly, and rising numbers of traffic casualties are brought to the local hospitals.
In agreement with the Cambodian Ministry of Health, seven rural district hospitals with established prehospital trauma systems were selected as study hospitals. 5 The catchment area of these hospitals has a population of approximately 1.5 million (Figure 1 ). The study hospitals are located 100-150 km (62-93 miles) from the nearest urban surgical center. Local roads are in poor condition, and transport to the surgical center takes 2-4 hours during the dry season. During the rainy season, most roads cannot take referrals by car.
Background
Cambodia's medical infrastructure is broken by decades of war and political unrest. The district hospitals in this study did not have operational laboratories, blood banks, or x-ray equipment. There was a shortage of essential drugs and surgical instruments. The responsibility for in-hospital nutrition rests on the families of the patients, as the hospital provides just one low-calorie meal per day. Diseases affecting surgical outcome are endemic, and so is malnutrition. 13 In cal centers as part of external relief programs. Such emergency interventions often prove to be "too much, too late". 6 Short-term external interventions are not sustainable; they are not integrated into or within the indigenous medical infrastructure, and they may even weaken the capacity of the host country. 7, 8 The World Association for Disaster and Emergency Medicine (WADEM) launched a call for evidence-based international standards for disaster medicine training and education standards. 9 However, evidence-based standards may not be applicable universally. Despite the efforts of low-income countries to accelerate the production of medical doctors, extensive brain drain increases the gap between needs and in-country resources. As contexts differ, systematic studies of the outcomes of training programs in highand low-income countries are needed. In a study from Ghana, Mock et al recommend that rural trauma programs in low-income countries should focus on local district hospitals. 10 Training non-graduate medical officers for emergency surgery has proven to be successful in Africa. Since 1995, Mozambique has had a national program at the rural district hospitals in which medical assistants with four years of prior formal medical education completed a comprehensive training program in basic trauma and emergency obstetrical surgery. Using mortality and post-operative infection rate as results indicators, Pereira et al reported that district hospital care providers did as well as trained obstetricians at the university hospital after completing the training program. 11 Thus, there are good reasons for exploring a strategy of non-formal, non-Western training models to enhance the quality of trauma care in lowincome countries.
The aim of the intervention was to examine whether an acceptable standard of local capacity can be built by a moderate upgrading of the existing medical infrastructure. The quality-of-care impact of a systematic training program in 
Surgical Training
The authors provided training during five consecutive 150-hour courses. The courses were provided at the district hospitals included in the study. The "Village University" teaching model that already had proven its success in establishing prehospital trauma systems in the area was applied in this study. 5, 14 This teaching model builds on four pillars:
1. Confidence-People learn better and feel more comfortable asking questions when feeling confident and at home. The "Village University" always is located where the students live and work. Trainers and trainees live and work together during the training; 2. Troubleshooting-Rigid treatment protocols do not work in a dangerous and dirty social context. The students should learn to identify the main problem of each patient, attempt to solve that problem, then identify the next main problem, and so on; 3. Learning by Doing-Lectures constitute no more than 25% of the course. Practice always should follow classes; and 4. This is a University-Teaching and treatment methods should be professional, up-to-date, and of a high standard.
During the training courses, live, injured animals under ketamine anesthesia were used extensively for the training of surgical techniques and teamwork. Pigs were used for chest and abdominal surgery; dogs and goats were used for skull and limb injury management ( Figure 2 ). The animal model also was used for pre-and per-operative anesthesia training. The training protocol is summarized in Table 1 . During each course, the procedures taught during previous courses were rehearsed. Ample time was used for the trainees to present patient cases from their hospitals for group evaluation.
Researcher Training
To enable the local trauma care providers to perform scientific studies of the problems they face in their local setting, and design and test feasible interventions that might be useful, the training program also included formal research training. The trainees attended a three-week course in research methodology and basic medical statistics provided by European scholars. The course fulfilled international requirements for PhD training, and the trainees were certified accordingly. This article is a post-course thesis produced by two of the researcher trainees (HYV, DC).
Data Gathering and Statistical Platform
The main outcome variables in this study are in-hospital trauma mortality and rates of post-operative wound infections. Before the training program was launched, the authors conducted a survey of trauma deaths (trauma-related death within 30 days post-injury) and post-operative infections in trauma patients at the district hospitals under study. Post-operative wound infection was defined either as surgical re-debridements performed after the initial operation, or by one of three signs: (1) local inflammation; (2) local pus; or (3) local gas production. All patients consecutively admitted to the study hospitals during 2000 and 2001 were included in a pre-interorder to standardize conditions, when the intervention began, all study hospitals were upgraded with basic surgical sets, generators, suction units, electro-cautery units, surgical lamps, autoclaves, and regular supplies of essential drugs.
Trainees
Most surgical care providers at Cambodia's district hospitals are assistant medical officers with just four years of formal medical training, but extensive hands-on experience in primary trauma surgery. From 1967 to 1999, these nondoctors managed the main burden of war trauma with what resources they had at hand. The majority of trainees selected for the actual training program also had studied surgery at makeshift jungle hospitals in the 1970s under the Paristrained Khmer surgeon Thoun Thieun, at that time Minister of Health of Democratic Kampuchea. Thus, they were quite skillful in hands-on surgical techniques and improvisations, but far from updated in systematic strategies for damage control surgery and post-operative care. To ensure that empowerment gained through the actual training program remained at the local hospitals, there were strict selection criteria for the trainees. They should: (1) be recommended by their local community for good medical skills and moral standing; (2) have at least five years' practical surgical experience; (3) live and work permanently at their respective rural hospitals; and (4) sign contracts to stay after the program was concluded. In rural areas with long prehospital transport times, most fatalities occur during the prehospital phase. 5 Thus, in-hospital mortality rates are rather low and cannot be used for statistical comparison of changes in treatment results unless study samples are large. Therefore, post-operative rates of wound infection were used as an outcome indicator for sample size estimation in the actual setting. Setting the confidence level at 95%, test power at 80%, and defining a 50% reduction in complication rate as clinically significant improvement, the sample size for the actual study should be approximately 190 patients. The pre-intervention (control) group included 169 patients, but due to flaws in medical documentation at that time, 60 patients were excluded from study. During the intervention, it became clear that one of the seven study hospitals received few trauma cases (n = 4), so patients from that hospital were excluded from the study. A total of 262 patients were managed at the remaining six hospitals during the intervention period. Forty-one patients in the treatment group were excluded due to a lack of valid information.
Confidence interval analysis was used to compare proportions and means, and differences were considered sigvention survey under supervision by the authors (YVH and CD). When validating the hospital files, it became evident that there were flaws in the medical documentation at the time (2001); the only severity indicators that could be gathered were prehospital transport times and operating theater diagnosis, which was used for Injury Severity Score (ISS) calculations. 15 During the intervention period, the quality of medical documentation improved, and monthly, the authors collected and validated data on all trauma patients consecutively managed by the 21 trainees at the six district hospitals. The explanatory variables in the treatment group include prehospital transfer times, physiological and anatomical severity indicators, and surgical treatment. All 21 trainees included in the training program practiced as surgeons during the preintervention and intervention period.
The trainees' coping capacity when faced with serious trauma cases was used as the secondary outcome variable. To assess this factor, the trainees were asked to assess their own skills before the training program started, and again when the four years of training was concluded. A Visual Analogue Scale (VAS) was used for self-rating. 16 
Trauma Life Support
Patient Characteristics and Risk Factors
The pre-intervention (control) group included 109 patients and the treatment group included 223 trauma patients. The control and treatment group were similar, as both populations mainly had penetrating injuries (80%, 87/109 versus 72%, 161/223 landmine and gunshot injuries; 12%, 13/109 vs. 21%, 47/223 traffic casualties, respectively). In both groups, the median ISS = 9 and 12% of patients were major trauma victims (ISS >15). Prehospital transport times were long (mean = 3.3 ±2.9 vs. 2.8 ±2.2 hours). One-quarter of all patients had prehospital transit times of >4 hours. Upon admission to the hospital, 42 patients in the treatment group had physiological severity scores ≤7.0 indicating serious physiological derangement (equivalent data could not be obtained for the control patients). Risk factor distribution among the hospitals is listed in Table 3 .
nificant at 95% level if the 95% confidence interval (95% CI) for the difference did not include zero. 17 
Results
Process Indicators
A group of 21 surgical care providers were trained in five courses (150 hours total) during 2002-2005. Except for two graduate doctors, all trainees were assistant medical officers with four years of formal medical training. All trainees passed the course examinations and were certified and encouraged to extend their training to their respective hospital teams. The trainees assessed the training impact by self-rating using VAS before and after the training period. The VAS analysis indicated a significant improvement in self-confidence, surgical skill, and teamwork (Table 2) . Several variables in the study should be discussed. First, in-hospital mortality and post-operative infection are short-term outcome indicators and do not fully reflect the quality of surgical care. Especially in communities with labor-intensive household economies, long-term quality of care indicators such as fracture healing and post-operative rehabilitation also should be examined.
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The quality of the medical documentation was poor prior to the intervention. For this reason, as many as 60/169 (36%) of the pre-intervention patients had to be excluded from the study. That left a smaller than estimated control group (109 vs. 190). Thus, the estimate of the pre-intervention outcome indicator (post-operative infection rate) was less precise than expected by the study design. Despite wide confidence intervals for the control group estimate, the confidence interval analysis documented a statistically significant improvement in outcome. When it comes to trauma mortality, the study population is too small to allow for solid statistical comparisons due to small proportions reported (3.7-0.9%) and consequently, wide confidence intervals for the mortality estimates. A tendency toward statistically significant mortality reduction (95% CI for difference -0.9% to 6.5%) still was found. It is probable that a larger sample size would prove significant mortality differences. The study population also is too small to examine subsets and strata among trauma victims. From the data, the particular types of trauma not well managed at the study hospitals cannot be singled out, nor fields of surgical practice not properly addressed in the training curriculum be identified.
Further, there have been trauma patients in the catchment area taken directly to surgical centers, either in Cambodia or across the border to Thailand, bypassing the local district hospital. Such referrals mainly may be a matter of family income, depending on what the patients' family could afford, more than referrals being based on strict medical indications. Therefore, this selection factor should affect the study population at random and not influence the study outcomes.
The individual surgeon's experience and volume of operations clearly is an uncontrolled variable in the study. Reports from Western Level-I Trauma Centers indicate that per-surgeon patient volume does not predict trauma mortality. 18, 19 Still, it may be that the caseload impact can be a significant explanatory factor in settings where algorithms and team routines are less standardized and institutionalized-as in the hospitals under study.
Pre-injury illness such as malnutrition and endemic diseases are other uncontrolled variables that affect trauma physiological capacity of patients and trauma care outcome. In a straightforward and small clinical study such as this one, it is unfeasible to measure such variables. Also, such variables are difficult to quantify. However, it is unlikely that major changes have occurred in prevalence rates of nutrition and endemic diseases in the study area over a short time span of five years; Cambodia is a socially stratified country and the study patients come from remote rural areas unaffected by the economic development recently seen in the urban areas.
Comparison of Outcome Indicators
There were four in-hospital deaths in the control group (3.7%) and two fatalities (0.9%) in the treatment group (0.9%, 95%CI for differences = -0.9% to 6.5%). In the control group 24/109 patients (22%) had post-operative wound infections. During the four years of training, 23/223 (10.3%) cases of post-operative infections were registered in the treatment population, which is a statistically significant reduction (95% CI of difference 2.8-20.2%). One of the six study hospitals did not improve performance during the intervention period (hospital 4, Table 3 ). The rate of infections at this hospital was significantly higher (28.6%, 6/21) compared to the other five hospitals with a mean rate of infections 8.4%, 17/202 (95% CI for difference = 0.5-40%).
Case Report
A 24-year-old male was treated at Hospital 1 in 2004. He fell off his motorcycle and the handlebar struck him in the right upper quadrant of his abdomen. Upon hospital admission two hours after the crash, he was unconscious; respiratory rate was 40/minute; systolic blood pressure was 70 mmHg. An immediate flush infusion of 4,000 ml of warm electrolytes had no impact on his circulatory parameters, and he was taken for laparotomy one hour after admission. During the pre-operative preparations, one member of his family was called, and donated 400 ml of blood for transfusion. Two medical assistants who had attended the training courses performed the surgery under ketamine anesthesia. Two deep lacerations in the right lobe of the liver still were bleeding. The hemorrhage was controlled temporarily by finger clamping the liver vessels and manual compression on large gauze packs for 15 minutes. During this period, the fresh, warm, blood transfusion was given, and other abdominal organs were explored without finding associated injuries. Removing the gauze packs but still finger-clamping the liver vessels, the liver wounds were sutured. The team leader decided there was no need for staged surgery, closed the laparotomy incision, and provided hypotensive fluid resuscitation for 24 hours keeping the systolic blood pressure at 90-100 mmHg. There were no signs of re-bleeding, and the patient was discharged after six days without post-operative complications.
Discussion
This study indicates that rural hospital non-doctors are able to provide primary trauma surgery with lower mortality and morbidity rates when they are well trained and equipped with a minimum of resources. Reduced complication rates, better surgical skills, and understanding of team performance demonstrate the efficacy of this non-formal training program. The results of this study also are relevant for trauma system design: the actual intervention was conducted in an area in which a prehospital trauma system already was well established. Despite long prehospital transport times and rough off-road evacuations, the majority of patients could be admitted to the hospital without gross physiological derangement. This is an integral part of a comprehensive rural rescue network to be instrumental for good trauma system performance in rural and remote areas.
Interestingly, in one study hospital (Hospital 4), the intervention failed to reduce post-operative morbidity. The two trainees from this hospital did not share their new knowledge learned with their hospital teammates. Thus, the training program did not have any impact on emergency room routines or surgical procedures in that particular hospital. It seems that extension of training programs to include all in-house teams on-duty is one key factor for success. Also, the appreciation given by trainees themselves of better team performance supports such conclusion.
In a study from Malaysia, Sethi et al compared trauma care outcome at district hospitals and surgical centers. They found that surgical care at district hospitals contributed to increased trauma mortality. 20 The current study does not dispute this finding; as in other low-income countries, Cambodia needs Level-I Trauma Centers and better referral systems. However, the country currently does not have financial and medical resources to take on the challenge. It is feared that a top-down approach with a focus on Level-1 without operational district hospitals being established primarily will result in unnecessary mortality and morbidity of trauma patients.
